Two hundred stimuli presented unilaterally at 3 Hz were utilised for averaging an early SEP, 100 stimuli at 0-2 Hz per side (50 left interleaved with 50 right), for late SEPs, the averaged SEPs being produced by programmed sorting according to the side of stimulation. Square-wave electrical stimuli (200 Ms pulse width) were presented (Grass stimulator with constant current unit CCUIA) through two 3-5 cm2 carbon electrodes wrapped around the outside edge of first and second phalanges of each index finger (cathodes proximal). Skin conductance level (SCL) was monitored as described previously.32
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Transcutaneous electrical nerve stimulation Transcutaneous electrical nerve stimulation was applied unilaterally over the median nerve at the wrist through two 6-6 cm2 carbon electrodes 1-5 cm apart, with a flexible earth band electrode applied to the upper forearm. Stimulation frequency was 100 Hz, pulse width 200 ps. Three minutes were allowed with re-adjustment of current intensity every 30 seconds to approach an initial subjective plateau before recording the first SEP during treatment and transcutaneous electrical nerve stimulation was re-adjusted between SEPs to the subjective criterion "strong but comfortable". Consequently, a gradual rise in transcutaneous electrical nerve stimulation current occurred from initiation (9 8 + 4-3 mA) to cessation (I 1 9 + 5 6 mA) of treatment.
The following procedure was used to provide a control with sham transcutaneous electrical nerve stimulation. In the sham transcutaneous electrical nerve stimulation group, the stimulus was applied initially as for the active treatment group. The current level was then slowly reduced to zero over 30 s and the subject informed: "Subjective fading of transcutaneous electrical nerve stimulation is a common phenomenon and, even if you cannot definitely feel the transcutaneous electrical nerve stimulation, it will be having an effect". At the equivalent time when transcutaneous electrical nerve stimulation was switched-off for subjects in the real transcutaneous electrical nerve stimulation group, sham stimuli subjects were informed: "I am now switching the transcutaneous electrical nerve stimulation off, although you may not feel any definite change".
Sensory and pain threshold Sensory detection and pain thresholds for the right and left index fingers were determined with 3 Hz stimuli at the same stimulus pulse-width parameters and through the same electrodes used for eliciting SEPs. These thresholds were determined by the method of limits, the average being taken of six or more observations. The subject was asked to state when stimuli of increasing current intensity became noticeable (detection threshold) and "definitely" painful (pain threshold). fig lb. ANOVA for NI 30P200 amplitude of late SEPs showed a highly significant main effect for time (F = 13 4, df = 4,96, p < 0-00001, GG-corr), but no significant main effects for groups or side. There were no significant interactions for side x group, time x group or side x time. However the side x time x group interaction was marginally significant (F = 2-4, df = 4,96, 0-05 < p < 0 10, GGcorr). In order to define this effect more clearly, the ANOVA was repeated using the mean data for the two pre-treatment and two during-treatment cycles. As before, the effect for time was highly significant (F = 32-4, df = 1,24, p < 0-00001) and the effects for side, for group, for side x group and for side x time non-significant. However the interactions for time x (Root mean square ( RMS) 35 ANOVA of RMS (35-500 ms) produced significant effects for time (F = 24-9, df = 4,96, p < 0-00001, GG-corr), for side x group (F = 4.9, df = 1,24, p < 005) and for side x time x group (F = 3-8, df = 4,96, p < 0-01, GG-corr). Effects for group and side x time were non-significant. The time x group interaction just failed significance after application of Greenhouse-Geisser correction. Consideration of the means indicated that these significant effects and interactions were due to an overall time-related decline in RMS (35- , fig 2a) . The ANOVA for subjective intensity ratings of stimuli used to elicit late SEPs produced a series of significant effects. The main effects and interactions, for time (F = 40, df = 4,96, p < 005, GG-corr), side (F = 121, df= 1,24, p <0-01), side x time (F = 10 3, df = 4,96, p < 0001, GG-corr), side x time x group (F = 8-6, df = 4,96, p <0 001, GGcorr) were significant, although the interactions for time x group and side x group were non-significant. Examinations of means (table 1, fig 2b) indicated that although there was a small tendency for the stimuli to be rated as less intense over the five successive experimental cycles, the source of the highly significant interactions was the large reduction in subjective intensity of the stimuli on the real-transcutaneous electrical nerve stimulation treated hand during transcutaneous electrical nerve stimulation application.
Skin conductance level (SCL)
ANOVA for SCL data (in log ymhos) over the five experimental cycles plus the initial pre-SEP stimulation baseline showed no significant effects for transcutaneous electrical nerve stimulation and for brevity the data are not presented.
Sensory detection threshold ANOVA of sensory detection threshold revealed no significant effects for group and side x group interactions. However, significant effects occurred for time (F = 13 2, df = 2,48, p < 0 00001, GG-corr), for time x group (F = 7-5, df= 2,48, p < 0-01, GGcorr), for time x side (F = 9.7, df = 2,48, p < 0 001, 5n 4! GG-corr) and for time x side x group (F = 9.5, df = 2,48, p < 0-0001, GG-corr). Examination of the means (table 2) indicated that the source of these effects was the tendency for detection threshold to increase slightly over time in all groups and, more importantly, the large rise in detection threshold on the hand treated with real transcutaneous electrical nerve stimulation during transcutaneous electrical nerve stimulation application.
Pain threshold ANOVA of pain threshold showed no significant interactions or main effects apart from a significant effect of time (F = 7 5, df = 2,48, p < 0-01, GGcorr). The source of this effect was the increase over time of pain threshold in both groups ( There was also a highly significant and systematic relationship between baseline pain threshold and response to transcutaneous electrical nerve stimulation (fig 6) . Individuals with low baseline pain thresholds showed increases in pain threshold during transcutaneous electrical nerve stimulation, whereas individuals with high baseline pain thresholds showed small decreases. This relationship was most marked for the real transcutaneous electrical nerve stimulation group but was not localised with respect to side of treatment. The baseline pain threshold x change in pain threshold correlations were: real transcutaneous electrical nerve stimulation hand r = -0-73, p < 0-01, control hand r = -0 79, p < 0-01; sham transcutaneous electrical nerve stimulation hand r = -0-58, p < 0 05, control hand r = -0-23, p = ns; 2-tailed, df = 11 in all cases.
Finally, a number of other interrelationships, although non-significant, indicated that real transcutaneous electrical nerve stimulation-induced elevation of detection threshold covaried with reduction of early SEP (r = 0 46, df = 11, p = NS) but not with reduction of late SEP (r = -0-09, df = 11, p = NS). Greater real transcutaneous electrical nerve stimulation-induced reduction in late SEP magnitude correlated non-significantly with greater reduction in self-rated intensity of the stimuli (r = 0-3 1, df = 11, p = NS). Thus, subjective report and objective measurement (SEP) showed parallel changes, both in terms of mean changes as a function of treatment and in terms of the correlations reported above.
Discussion
This investigation showed that transcutaneous electrical nerve stimulation produced a significant reduction in amplitude of both early and late components of the SEP and that the changes were localised, being largely confined to SEPs generated from the hand treated with real transcutaneous electrical nerve stimulation. These findings differ from those reported by Francini et al23 who found no effect of 50 Hz transcutaneous electrical nerve stimulation on early SEPs but a generalised, bilateral reduction in late SEP amplitude. These authors suggested that the effects were due to a disrupting effect of transcutaneous electrical nerve stimulation on general sensory integration/attentional mechanisms. Such general mechanisms are unlikely to explain the present results since the effects were localised and the early components, which are less susceptible to changes in attention,37 were affected as well as the late components. It is possible that the relatively intense, "uncomfortable", nature of the stimuli and the control of the subject's attention by requiring them to count the stimuli may have reduced generalised effects on the attentional process in the present study.
With regard to the early SEP, there is evidence that, for electrical stimulation of the hand, the initial scalprecorded negative component with a post-stimulus latency around 20 ms (N21 in the present study) signifies the first cortical representation of afferent activity.38 39 Concomitant with the effects on SEPs there was a significant reduction in subjective rating of stimulus intensity and an elevation of sensory detection threshold. Both changes were confined to the hand treated with real transcutaneous electrical nerve stimulation. These findings are consistent with the SEP changes indicating disruption of afferent information initiated by A beta and A delta fibre activity. Although the stimuli used in the present study were not definitely painful, they were assessed as "uncomfortable" and the parallel reduction of both ratings and SEP amplitudes suggests that transcutaneous electrical nerve stimulation may have interfered with sensory input of an aversive as well as a purely tactile nature. 
